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(57)Abstract: 

PROBLEM TO BE SOLVED: To estimate an in- 
cylinder charging-air amount with high accuracy 
without using charging efficiency. 
SOLUTION: In this estimation device, an intake 
system model for calculating the in-cylinder charging- 
air amount Me is derived by applying the law of 
conservation of mass and the state equation of gas to 
intake air flowing through an intake passage from a 
throttle valve 15 to an intake port of an engine 1 1 . An 
intake system model equation is Me=Mth-V/RT.dP/dt, 
wherein Me is the in-cylinder charging-air amount, V 
is an inner volume of the intake passage on the 
downstream of the throttle valve 15, R is the gas 
constant, T is an intake temperature, and dP/dt is an 
intake pressure change amount. A deviation (i.e., a pseudo differential value) between a 
detection value of an intake pressure sensor 18 and an averaging value of the detection 
value is used as the intake pressure change amount (dP/dt) to eliminate influence of noise 
(an intake pulsation waveform) superimposed on the detection value of the intake pressure 
sensor 18. 
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* NOTICES * 

JVC and NCIPZ are no'b responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] An intake-air-flow detection means to detect the flow rate of the inhedation air which flows 
an intemal combustion engine's inhalation-of-air path. The inhalation-of-air system model which 
simulated the behavior of inhalation air until a MAP detection means to detect the MAP in said 
inhalation-of-air path, and the inhalation air which passed the throttle valve flow in a cylinder is 
used. While calculating the air flow rate which flows in said inhalation-of-air system model based on 
the intake air flow detected with said intake-air-flow detection means Based on the variation of the 
MAP detected with said MAP detection means, the variation of the air mass in this inhalation-of-air 
system model is calculated. It has an operation means to calculate the restoration air content in a 
cylinder which flows in a cylinder from the air flow rate which flows in this inhalation-of-air system 
model, and the variation of the air mass in this inhalation-of-air system model. Said operation means 
Restoration air content presumption equipment in a cyUnder of the intemal combustion engine 
characterized by the thing of the detection value and detection value of said MAP detection means 
for which it anneals and deflection with a value is used as variation of this MAP in case the variation 
of the air mass in said inhalation-of-air system model is calculated based on the variation of said 



[Claim 2] Said intake-air-flow detection means is restoration air content presumption equipment in a 
cylinder of the intemal combustion engine according to claim 1 characterized by being a heat type 
air flow meter. 

[Claim 3] Said inhalation-of-air system model is restoration air content presumption equipment in a 
cylinder of the intemal combustion engine according to claim 1 or 2 characterized by incorporating 
the time constant of said intake-air-flow detection means, and the time constant of said MAP 
detection means as an adjustment constant which amends the difference of the responsibility of said 
intake-air- flow detection means and said MAP detection means. 
[Claim 4] The formula of said inhalation-of-air system model is [Equation 1]. 



Mth : K^a^^x/vrtfcaEAi-a^^jffia 

p : ^%^:t)iikmm 

V : P&^W^^y'jUCOp^Wm 

R : ^i^^rn: 

T : ^X^^<DmM 

s : 7:7^9;^SiS[^ 
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Restoration air content presumption equipment in a cylinder of the intemal combustion engine 
according to claim 3 which comes out and is characterized by a certain thing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the restoration air content presumption equipment in 
a cylinder of the intemal combustion engine which detects both an intake air flow and a MAP and 
presumes the restoration air content in a cylinder. 
[0002] 

[Description of the Prior Art] Generally, the method of presuming the restoration air content in a 
cylinder detects an intake air flow with an air flow meter, and is divided roughly into the method 
(henceforth a "intake-air-flow detection method") which presumes the restoration air content in a 
cylinder from the detection value, and the method (henceforth a "MAP detection method") which 
detects a MAP by the MAP sensor and presumes the restoration air content in a cylinder from the 
detection value. Although there is an advantage that the presumed precision of the restoration air 
content in a cylinder at the time of a stationary is good since an intake-air-flow detection method 
serves as a restoration air content in an intake-air-flow = cyhnder at the time of a stationary, before 
appearing as change of the output of the air flow meter witii which change of the restoration air 
content in a cylinder was installed in the upper section of an inlet pipe at the time of excess, time 
amoimt will be taken for a while, and there is a fault that the responsibihty of a transient is bad. On 
the other hand, a MAP detection method has the features that the responsibility of a transient is good 
as compared with an intake-air-flow detection method. The time amount which the pressure variation 
accompanying change of the restoration air content in a cylinder spreads to near a MAP sensor 
(surge tank) is because it is quite short as compared with time amoimt until change of the restoration 
air content in a cylinder changes the intake air flow near the air flow meter of the inlet-pipe upstream 
section. 

[0003] Then, 2 sensor concomitant use methods having the advantage of both the methods of an 
intake-air-flow detection method and a MAP detection method are developed in recent years. This 2 
sensor concomitant use method installs both an air flow meter and a MAP sensor, and it presumes 
the restoration air content in a cylinder from the intake air flow detected with the air flow meter, and 
he is trying to calculate the restoration air content in a cylinder by the degree type to a transient from 
the MAP detected by the MAP sensor at the time of a stationary. 
[0004] Me = eta-Ne- V-P/(2 and R-T) 

here ~ Me : the inside of a cylinder — restoration air content etaxharging-efficiency Ne:engine- 

speed V: inlet-manifold content volume P: — MAP (detection value of a MAP sensor) 

R: the temperature of gas constant Trinhalation air — a charging efficiency eta is computed in this 

case on the 2-dimensional map which makes an engine speed Ne and MAP P a parameter. 

[0005] 

[Problem(s) to be Solved by the Invention] However, with the 2 above-mentioned conventional 
sensor concomitant use methods, it is the restoration air content Me in a cylinder of a transient. Since 
the charging efficiency eta is included in the formula to compute, it is necessary to compute a 
charging efficiency eta on the 2-dimensional map which makes an engine speed Ne and MAP P a 
parameter, for this reason, if it is going to compute a charging eflBciency eta with a isufficient 
precision, memory space will be extended, in order for the adaptation man day for 2-dimensional 
map creation to increase or to memorize this 2-dimensional map — required ~ certain ** Especially 
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with the engine which carried the adjustable valve timing system in both the inspired air flow path / 
exhaust side, since a charging efficiency eta changes also with inhalation of air / exhaust air valve 
timing, there is a fault of it being necessary to compute a charging efficiency eta on the 4- 
dimensional map which makes a parameter an engine speed Ne, and MAP P, and inhalation of air / 
exhaust air valve timing, and the adaptation man day and memory space for 4-dimensional map 
creation becoming very huge, and becoming a remarkable cost rise. 

[0006] And by the 2 above-mentioned conventional sensor concomitant use methods, in order to 
switch an intsGce-air-flow detection method and a MAP detection method by the time of a stationary, 
and the transient, there is a possibility that the operation value of the restoration air content in a 
cylinder may become discontinuous on the boimdary of the time of a stationary and a transient, and 
so, it is necessary to adjust so that the operation value of the restoration air content in a cylinder may 
not serve as discontinuity. 

[0007] This invention is made in consideration of such a situation. Therefore, the purpose The 
restoration air content in a cylinder can be presxmied with a sufficient precision, without using a 
charging efficiency. The presimied precision of the restoration air content in a cylinder can be 
improved lessening an adaptation man day and memory space sharply, and it is in moreover offering 
the restoration air content presumption equipment in a cylinder of the intemal combustion engine 
which can make the operation value of the restoration air content in a cylinder continue certainly on 
the bo\mdary of the time of a stationary, and a transient. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the restoration air 
content presumption equipment in a cylinder of the intemal combustion engine of claim 1 of this 
invention In the thing equipped with an intake-air-flow detection means to detect the flow rate of the 
inhalation air which flows an intemal combustion engine's inhalation-of-air path, and a MAP 
detection means to detect a MAP While calculating the air flow rate which flows in an inhalation-of- 
air system model based on the intake air flow detected with the intake- air- flow detection means 
using the inhalation-of-air system model which simulated the behavior of inhalation air imtil the 
inhalation air which passed the throttle valve flows in a cylinder Based on the variation of the MAP 
detected with the MAP detection means, the variation of the air mass in this inhalation-of-air system 
model is calculated, and the restoration air content in a cylinder which flows in a cylinder fi"om the 
air flow rate which flows in this inhalation-of-air system model, and the variation of the air mass in 
this inhalation-of-£iir system model is calculated. This is enabled to presume the restoration air 
content in a cylinder, without using a charging efficiency, and an adaptation man day and memory 
space can be lessened sharply. 

[0009] In this case, although it is possible as variation of this MAP to use the time amount 
differential value of the detection value of a MAP detection means in case the variation of the air 
mass in an inhalation-of-air system model is calculated based on the variation of a MAP Since the 
inhalation-of-air pulsating wave used as a noise is overlapped on the detection value of a MAP 
detection means, if the time amount differential value of the detection value of a MAP detection 
means is used, the time amount differential value of a noise wave (inhalation-of-air pulsating wave) 
will be used, and the operation precision of the variation of a MAP will get worse. 
[0010] So, in claim 1, in case the variation of the air mass in an inhalation-of-air system model is 
calculated based on the variation of a MAP, as variation of this MAP, the detection value and 
detection value of a MAP detection means anneal, and deflection (that is, false differential value) 
with a value is used. By this false differential, without being influenced [ most ] of a noise 
component (inhalation-of-air pulsating wave), the variation of a MAP can be calculated with a 
sufficient precision, consequently the restoration air content in a cylinder can be presumed with a 
sufficient precision. And since the restoration air content in a cylinder is calculated using the same 
inhalation-of-air system model by the time of a stationary, and the transient, the operation value of 
the restoration air content in a cylinder can be made to continue certainly on the boundary of the time 
of a stationary, and a transient. 

[001 1] In this case, it is good like claim 2 to use a heat type air flow meter as an intake- air-flow 
detection means, since a heat type air flow meter can obtain the output corresponding to the mass 
flow rate of inhalation air, the amount of moving part is not and they are small (low voltage force 
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loss) and low cost while there is no effect by the consistency (temperature, pressure) of air compared 
with a vane type and Karman's vortex-type air flow meter and amendment by the consistency of air 
is unnecessary — etc. — it has an advantage. 

[0012] However, since a heat type air flow meter is the structure where an output changes according 
to heat release, such as a heat ray cooled with inhalation air. By the time change of an intake air flow 
causes change of heat release, such as a heat ray, and it appears as output change, response delay will 
occur. Since the response delay of this heat type air flow meter is quite larger than the response delay 
of a MAP detection means. The difference of both response delay becomes large and it becomes the 
cause by which this reduces the operation precision of the restoration air content in a cylinder. 
[0013] Then, it is good for an inhalation-of-air system model like claim 3 to incorporate the time 
constant of an intake-air-flow detection means, and the time constant of a MAP detection means as 
an adjustment constant which amends the difference of the responsibility of an intake-air-flow 
detection means and a MAP detection means. If it does in this way, the difference of the 
responsibiUty of an intake-air- flow detection means and a MAP detection means can be amended, 
and the operation of the restoration air content in a cylinder with a sufficient precision which 
reconciled responsibility and noise rejection will be attained. 

[0014] In this case, what is necessary is just to use a degree type as an inhalation-of-air system 
model like claim 4. 
[0015] 
[Equation 2] 



Mth : R^SS^r'/vrtfcaEAi-S^^glES 

p : ^^^tf^mm 

R : ^i^&m, 

s : yj>^^:^m%^ 



[0016] This equation is drawn from the equation of state of the law of conservation of mass and a 
gas so that it may mention later. Here, the air flow rate Mth which flows in an inhalation-of-air 
system model is a flow rate of the inhalation air which passes a throttle valve, and in order that an 
intake-air-flow detection means may detect an intake air flow by the upstream rather than a throttle 
valve, the air flow rate Mth which flows in an inhalation-of-air system model is calculated by 
carrying out phase-lead-lag-network processing of the detection value of an intake-air-flow detection 
means. An upper type is annealing and processing the detection value P of a MAP detection means 
with the time constant (1 /alpha 2) of an intake-air- flow detection means, and amends the difference 
of the responsibility of an intake-air-flow detection means and a MAP detection means while it 
anneals and processes the air flow rate Mth which flows in an inhalation-of-air system model with 
the time constant (1/alpha 1) of a MAP detection means (first-order-lag processing). Restoration air 
content Me in a cylinder with a sufficient precision which reconciled responsibility and noise 
rejection by this, without using a charging efficiency An operation becomes possible. 



[Embodiment of the Invention] Hereafter, 1 operation gestalt which applied this invention to the 
engine inhalation of air / with an exhaust air adjustable valve timing system is explained based on a 




1 



1 



[0017] 



drawing. 
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[0018] First, based on drawing 1 , the outline configuration of the whole engine control system is 
explained. An air cleaner 13 is formed in the maximum upstream section of the inlet pipe 12 
(inhalation-of-air path) of the engine 1 1 which is an internal combustion engine, and the heat type air 
flow meter 14 (intake-air- flow detection means) which detects an inhalation air content is formed in 
the downstream of this air cleaner 13 at it. The supply current to a heat ray is controlled so that this 
heat type air flow meter 14 keeps constant the temperature gradient of the temperature of a heat ray 
and the intake-air temperature which the heat ray (not shown) and inhalation-of-air temperature 
sensor (not shown) which are arranged in the flow of inhalation air are built in, and are cooled with 
inhalation air. According to the heat release of a heat ray which changes according to an intake air 
flow, the supply current to a heat ray changes by this, and the voltage signal according to this supply 
current is outputted as an intake-air-flow signal. The throttle valve 15 and the throttle opening sensor 
16 which detects throttle opening are formed in the downstream of this heat type air flow meter 14. 
[0019] Furthermore, a surge tank 17 is formed in the downstream of a throttle valve 15, and the 
MAP sensor 18 (MAP detection means) which detects MAP P to this surge tank 17 is formed in it. 
Moreover, the inlet manifold 19 which introduces air into each gas colunm of an engine 1 1 is formed 
in a surge tank 17, and the fuel injection valve 20 which injects a fuel, respectively is attached in it 
near the suction port of the inlet manifold 19 of each gas colxmm. The intake valve 25 and the 
exhaust air bulb 26 of an engine 1 1 are driven with the adjustable valve timing equipments 28 and 
29, respectively, and inhalation of air / exhaust air valve timing is adjusted according to an engine 
operation condition, in addition, the adjustable valve timing equipments 28 and 29 — a hydraulic- 
drive type and electromagnetism — you may be which method of a drive type. 

[0020] On the other hand, in the middle of the exhaust pipe 21 of an engine 11, the catalysts 22, such 
as a three way component catalyst which purifies an exhaust gas, are installed. The air-fUel ratio 
sensor (or oxygen sensor) 23 which detects the air-fuel ratio (or oxygen density) of an exhaust gas is 
formed in the upstream of this catalyst 22. Moreover, the cooling coolant temperature sensor 24 
which detects cooling water temperature, and the crank angle sensor 25 which detects an engine 
speed are attached in the cylinder block of an engine 11. 

[0021] The sensor output of these various kinds is inputted into the engine control circuit (it is 
written as "ECU" below) 30. This ECU30 is performing the restoration air content operation 
program in a cylinder of drawing 2 which was constituted as a subject and memorized by built-in 
ROM (storage) in the microcomputer, and plays a role of an operation means to calculate the 
restoration air content in a cylinder by the inhalation-of-air system model type, 
[0022] This inhalation-of-air system model models the behavior of the inhalation air which flows the 
inhalation-of-air path (henceforth a "throttle down-stream inhalation-of-air path") fi-om a throttle 
valve 15 to the inlet of an engine 11, and is drawn from the equation of state of the law of 
conservation of mass and a gas as follows. If the law of conservation of mass is applied to the flow 
of the inhalation air of a throttle down-stream inhalation-of-air path, the relation expressed with the 
following (1) type will be obtained. 
deltaMin=Mth-Me .... (1) 

[0023] Here, deltaMin is the variation (variation of the air mass in an inhalation-of-air system model) 
of the air mass in a throttle down-stream inhalation-of-air path, and Mth is a throttle- valve passage 
air content (air flow rate which flows in an inhalation-of-air system model), and Me. It is a 
restoration air content in a cylinder, delta Min, Mth, and Me Each is a value per unit time amoxmt (or 
sampling period). 

[0024] Moreover, if a gaseous equation of state is applied to a throttle down-stream inhalation-of-air 
path, the relation expressed with the following (2) equations will be obtained. 
deltaMin=V/RT-dP/dt .... (2) 

Here, for V, the content volume (content volume of an inhalation-of-air system model) of a throttle 
down-stream inhalation-of-air path and R are [ the temperature (intake-air temperature) of inhalation 
air and dP/dt of a gas constant and T ] the variation of MAP P per unit time amount (or sampling 
period). 

[0025] The following (3) types are obtained from the above-mentioned (1) formula and (2) types. 
V/RT-dP/dt=Mth-Me .... (3) 

Therefore, restoration air content Me in a cylinder It is computed by the following (4) types which 
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arranged and asked for the above-mentioned (3) formula. 
Me =Mth-V/RT-dP/dt .... (4) 

[0026] By the way, as an amount (dP/dt) of inhalation-of-air pressure variation, since the inhalation- 
of-air pulsating wave used as a noise is overlapped on MAP P detected by the MAP sensor 18, if the 
time amount differential value of the detection value of the MAP sensor 18 is used, the time amount 
differential value of a noise wave (inhalation-of-air pulsating wave) will be used, and the precision 
of the amount (dP/dt) of inhalation-of-air pressure variation will get worse. 
[0027] So, with this operation gestalt, as an amount (dP/dt) of inhalation-of-air pressure variation, 
the detection value and detection value of the MAP sensor 18 anneal, and deflection (that is, false 
differential value) with a value is used. 

[0028] The amount of inhalation-of-air pressure variation (dP/dt) = the false differential of**** 
enables it to calculate the amount (dP/dt) of inhalation-of-air pressure variation with a sufficient 
precision by an inhalation-of-air pressure-sensor appearance value-detection value annealing, 
without being influenced [ most ] of a noise component (inhalation-of-air pulsating wave). 
[0029] Moreover, since the heat type air flow meter 14 is the structure where an output changes 
according to the heat release of the heat ray cooled with inhalation air. By the time change of an 
intake air flow causes change of the heat release of a heat ray and it appears as output change, 
response delay will occur. Since the response delay of this heat type air flow meter 14 is quite larger 
than the response delay of the MAP sensor 18, The difference of both response delay becomes large 
and this is the restoration air content Me in a cylinder. It becomes the cause of reducing operation 
precision. 

[0030] So, the time constant (1/alpha 2) of the heat type air flow meter 14 and the time constant 
(1/alpha 1) of the MAP sensor 18 are included in an inhalation-of-air system model type as an 
adjustment constant which amends the difference of the responsibility of the heat type air flow meter 
14 and the MAP sensor 18. Thereby, the inhalation-of-air system model type expressed with a 
degree type is obtained. 
[0031] 
[Equation 3] 



Me =f — iMth- 




[0032] Here, the throttle- valve passage air content Mth is a flow rate of the inhalation air which 
passes a throttle valve 15, and in order that the heat type air flow meter 14 may detect an intake air 
flow by the upstream rather than a throttle valve 15, the throttle- valve passage air content Mth is 
calculated by carrying out phase-lead-lag-network processing of the detection value of the heat type 
air flow meter 14. An upper type is annealing and processing the detection value P of the MAP 
sensor 18 with the time constant (1/alpha 2) of the heat type air flow meter 14, and amends the 
difference of the responsibility of the heat type air flow meter 14 and the MAP sensor 18 while it 
anneals and processes the throttle- valve passage air content Mth with the time constant (1/alpha 1) of 
the MAP sensor 18 (first-order- lag processing). Restoration air content Me in a cylinder with a 
sufficient precision which reconciled responsibility and noise rejection by this, without using a 
charging efficiency An operation becomes possible. 

[0033] The restoration air content operation program in a cylinder of drawing 2 which computes the 
restoration air content in a cylinder using the inhalation-of-air system model type explained above is 
repeatedly performed for every predetermined crank angle. Starting of this program first reads the 
intake-air temperature T detected with the inhalation-of-air temperature sensor in the intake air flow 
detected with the heat type air flow meter 14, MAP P detected by the MAP sensor 18, and the heat 
type air flow meter 14 at step 101. Then, it progresses to step 102, afl:er calculating the throttle-valve 
passage air content Mth, it progresses to step 103 and the throttle-valve passage air content Mth, an 
intake-air temperature T, and MAP P are substituted for carrying out phase-lead-lag-network 
processing of the detection value (intake air flow) of the heat type air flow meter 14 at said 
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inhalation-of-air system model type, and it is the restoration air content Me in a cylinder. It 
computes. 

[0034] ECU30 is the restoration air content Me in a cylinder computed by having carried out in this 
way. According to an engine speed, the basic injection quaatity is computed on a map etc., the 
multiplication of various kinds of correction factors, such as an air- fuel ratio feedback correction 
factor and a water temperature correction factor, is carried out to this basic injection quantity, and 
final fuel oil consumption is calculated. 

[0035] Drawing 3 shows the behavior of the operation value of the restoration air content in a 
cylinder when the tooth-lead-angle value of inhalation-of-air valve timing changes (transient). 
Conventionally, in case a specification calculates the restoration air content in a cylinder using a 
charging efficiency eta, in order to compute a charging efficiency eta on the 2-dimensional map 
which makes an engine speed Ne and MAP P a parameter, change of the charging efficiency eta by 
the inhalation-of-air valve timing tooth-lead-angle value change is not taken into consideration at all, 
but the operation value of the restoration air content in a cylinder of a transient shifts from true value 
greatly. Therefore, when it is going to raise the operation precision of the restoration air content in a 
cylinder by the specification conventionally, there is a fault of it being necessary to compute a 
charging efficiency eta on the three-^dimension map (4-dimensional map) which makes a parameter 
an engine speed Ne, MAP P, and inhalation-of-air valve timing (exhaust air valve timing), and the 
adaptation man day and memory space for the map creation becoming very huge, and becoming a 
remarkable cost rise. 

[0036] On the other hand, in this operation gestalt, the restoration air content in a cylinder is 
calculated by calculating the restoration air content in a cylinder by the inhalation-of-air system 
model formula, without using a charging efficiency eta. and as an amoimt (dP/dt) of inhalation-of-air 
pressure variation used as the variable of an inhalation-of-air system piodel type The detection value 
and detection value of the MAP sensor 18 anneal, and deflection (that is, false differential value) 
with a value is used. Furthermore, while annealing and processing the throttle- valve passage air 
content Mth with the time constant (1 / alpha 1) of the MAP sensor 18 (first-order-lag processing) 
By annealing and processing the detection value P of the MAP sensor 1 8 with the time constant 
(1 /alpha 2) of the heat type air flow meter 14, the difference of the responsibility of the heat type air 
flow meter 14 and the MAP sensor 18 is amended. Thereby, with this operation gestalt, the gap with 
the operation value of the restoration air content in a cylinder of a transient and true value becomes 
very small, and the operation of the restoration air content in a cylinder with a sufficient precision 
with which the transient also reconciled responsibility and noise rejection of it is attained. And since 
a charging efficiency eta is not used, an adaptation man day and memory space can be lessened 
sharply, and the demand of low-cost-izing can also fully be filled. 

[0037]. In addition, the applicability of this invention is not limited to an engine inhalation of air / 
with an exhaust air adjustable valve timing system, but can be applied also to the engine which made 
only the inspired air flow path (or exhaust side) adjustable valve timing, and the engine which does 
not carry an adjustable valve timing system at all, and is not limited to a suction-port injection 
engine, but can be applied also to the injection engine in a cylinder. Moreover, an air flow meter 
(intake-air-flow detection means) is not limited to a heat typo air flow meter, either, for example, a 
vane type and Karman's vortex-type air flow meter may be used. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the whole engine control system in which 1 operation 
gestalt of this invention is shown 

[Drawing 2] The flow chart which shows the flow of processing of the restoration air content 
operation program in a cylinder 

[Drawing 3] The timing diagram explaining the behavior of the operation value of the restoration air 
content in a cylinder of a transient 
[Description of Notations] 

1 1 [ ~ A throttle valve, 17 / — A surge tank (inhalation-of-air path), 18 / — A MAP sensor (MAP 
detection means), 19 / — An inlet manifold (inhalation-of-air path), 20 / ~ A fuel injection valve, 21 / 
— 28 An exhaust pipe, 29 / — Adjustable valve timing equipment, 30 / — ECU (operation means). ] — 
An engine (intemal combustion engine), 12 — An inlet pipe (inhalation-of-air path), 14 — A heat type 
air flow meter (intake-air- flow detection means), 15 
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